Background: The d2-R test is a cancellation test developed in Germany to measure concentration and attention. This study examined the validity of the d2-R test for Japanese adolescents in comparison with German standardized data. Methods: Japanese junior high school students (n = 121; 61 girls, 60 boys) participated in this study. The students' performance scores in the d2-R test were compared with their daily attentiveness and hyperactivity/impulsiveness assessments conducted by the teachers. The assessments were evaluated using the attention deficit-hyperactivity disorder rating scale, fourth edition (ADHD-RS)-IV. The comparison with German counterparts was also made.
The d2-R test is a cancellation test originally developed in the 1960s. 1 The cancellation test is defined as a psychometric test in which subjects are instructed to search for certain characters or objects among similar characters or objects, and to cross them out. The test was originally known as the "d2 test" and was used to evaluate driver proficiency in Germany. 2 The test now plays a prominent role, however, in measuring visual attention not only in research but also in practice. 3 Since the first version was introduced, the instrument has been revised nine times (the current version is the d2-R). One benefit of the test is its simple procedure, which takes only 5 min. Test takers are asked to discriminate between simple visual stimuli, such as the letters "d" and "p," as well as dashes. The test's high reliability, criterionrelated validity, construct validity, and predictive validity have been confirmed by previous research. 1 The test is used widely in clinical psychology due to its convenient procedure. 3 For example, the test is used for subjects with the symptoms of attention deficit-hyperactivity disorder (ADHD) in children, 4 of Alzheimer's in elderly people, 5 and of schizophrenia in adolescents. 6 Current studies adopt various definitions and classifications of attention (e.g. vigilance/alertness, sustained attention, focused/selective attention, alternative/divided attention, supervisory attention). The d2-R test, as a cancellation test, is appropriately classified as a measure for sustained and focused attention. The test does not require any skills based on practice (such as calculation), making it applicable to various age groups (from children to the elderly) and ethnicities (including those whose native language does not use alphabets). In a survey with a special focus on pediatric and adolescent psychiatry, the d2 test was the second most frequently used performance test in these fields. 7 The d2 test also plays a prominent role in research. According to the databases Google Scholar, ProQuest, Web of Science, PsycARTICLES, and Medline (as of October 2018), the d2 test has been used with increasing frequency, exceeding a total of 5,000 publications since the beginning of the test development. Despite such a high degree of usability, versatility, economy in terms of time and money, reliability, and validity, the d2/d2-R test is used mainly in Europe and is little known in Asia, including Japan. The test deserves to be introduced and standardized outside Europe for clinical usage, as well as for cultural comparative studies on attention.
Aims
The first aim of this study was to examine the applicability of the d2-R test for Japanese adolescents and to clarify its concurrent validity by comparing d2-R performance with their daily sustained and focused attention levels assessed on the ADHD rating scale, fourth edition (ADHD-RS-IV). 8 The ADHD-RS is used widely to assess children's trait levels of attentiveness, activity, and impulsivity and to screen for ADHD. In Japan, one previous study developed the d2-R test for 83 Japanese children (mean age, 7.8 years; range, 6-11 years) and examined its concurrent validity using correlations between d2-R performance and ADHD-RS scores. 9 In that study the d2-R parameters were significantly related to the inattention and hyperactivity-impulsivity scores on the ADHD-RS. 9 The present study dealt with Japanese adolescents to verify the relationship between d2-R test performance and levels of attentiveness and impulsivity in daily life. We hypothesized that participants with higher scores in inattention and/or hyperactivity/impulsivity in ADHD-RS-IV would have poorer performance (processing more slowly and making more errors) in the d2-R test.
The second aim of this study was to compare the d2-R test performances of Japanese subjects with German counterparts investigated by Brickenkamp et al. 1 to clarify the cultural differences in quality and quantity of concentration and attention. Some cross-cultural studies have found that inhibitory control in children from Asian cultures (China, Korea and Japan) is more evident and develops earlier than that in children from the USA and Western Europe. 10, 11 We hypothesized that the present subjects would outscore German subjects on the d2-R test. Given that the d2-R test has been used mainly in Europe, the present study merits attention as the first quantitative investigation performed for Japanese adolescents.
Methods
The d2-R test was administered in classrooms at a public junior high school in Osaka, Japan. The school was situated in an upper-middle class neighborhood. The number of students who participated in the study was 128, and the data of seven students were excluded (six students who had statistical outlier (s) on percentage of errors [ 
d2-R test
Researchers administered the standard version of the d2-R test in class units of approximately 35 students each, in quiet classrooms at school. Students were first informed that their participation in the experiment was voluntary, and they could stop whenever they wanted. They were then provided with a sheet of paper (some questions about their profile and instructions translated into Japanese on one side and the d2-R test on the other) and a red ballpoint pen (suitable for the optical reading system, which will be detailed here). The test consisted of one form with 798 items. Each item included the letters "d" or "p" and between one and four dashes. There were 13 different characters, three of which ("d" with two dashes) were target objects, with the others serving as distractors. The characters were arranged in 14 lines with 57 characters each, and lines 2-13 related to the overall result. The task was to cross out the target objects in the test (i.e. each instance of "d" with two dashes). A processing time of 20 s was provided for each line, and the test was performed without a break. The researchers reminded participants to work from left to right; to start working on the next line immediately when given the instruction "stop, next line;" and to work as quickly as possible without making mistakes. When the participants crossed out the incorrect objects (non-target objects), they were given an opportunity to cross out once again (making an X-mark). The entire experiment, including instructions, exercises, and task lasted for appropriately 20 min. The data were processed according to the Brickenkamp et al. procedure. 1 The five parameters of the d2-R test that were extracted and used for analysis were as follows: (i) processed target objects (PTO), speed of work, speed during test processing (no. processed target objects); (ii) E%, accuracy during test processing (no. errors divided by no. processed target objects); (iii) CP, the number of crossed-out target objects minus the number of commission/omission errors; (iv) EO, the number of target objects not crossed out; and (v) EC, the number of non-target objects crossed out. The X-marked targets were not counted as errors. Our investigation improved the d2-R test with new techniques that used Elian software, Anoto paper, and the optical reading system by Seldage SARL. 12 Elian was developed to visualize and analyze drawing/writing data and to provide information as Excel files. In this study, we used Anoto paper as the d2-R sheet (Fig. 1 ), which appears similar to ordinary paper but can be read by the optical reading system for Elian analysis. These instruments enabled us to immediately process a significant number of results and extract the various parameters, including PTO, E%, CP, EO, and EC.
ADHD-RS-IV
The ADHD-RS-IV is a scale constructed on the basis of DSM diagnostic criteria and used for the screening, evaluation, diagnosis, and treatment of ADHD symptoms in addition to the daily attentiveness and hyperactivity/impulsivity assessments. 8, 13 On the day the students took the d2-R test, their certified homeroom teachers were asked to fill out the ADHD-RS-IV and return them by post as soon as possible. The scale consisted of two subscales: inattention (nine items) and hyperactivity/impulsivity (nine items). Teachers were asked to determine symptomatic frequencies (0, never or rarely; 1, sometimes; 2, often; and 3, very often) of a child's daily behavior over the previous 6 months. Examples of symptoms described included: "Fails to pay close attention to details or makes careless mistakes in schoolwork" or "Fidgets with hands or feet or squirms in seat." The inattention, hyperactivity-impulsivity, and total scores for each student were calculated for the analysis.
Comparison with German data
The performance of Japanese adolescents was compared with that of German counterparts from the Brickenkamp et al. database. 1 Given that they provided only the average scores of three parameters (PTO, E% and CP), we did not carry out statistical analysis of the comparison.
Results

d2-R score and ADHD-RS
On independent t-test there was no sex difference in d2-R scores. Significant sex differences were found in ADHD-RS-IV scores for inattention (t(108.2) = 2.26, P < 0.05), hyperactivity-impulsivity (t(86.2) = 2.39, P < 0.05), and total score (t (97.4) = 2.48, P < 0.05). Male students were rated higher for all ADHD-RS-IV parameters than female students (Table 1) .
Correlation analysis between five parameters in the d2-R test (PTO, E%, CP, EO, and EC) and ADHD-RS-IV scores (inattention, hyperactivity-impulsivity, and total scores) is given in Table 2 . Sufficient reliability was obtained for ADHD-RS-IV score: a = 0.937 for inattention, a = 0.953 for hyperactivity-impulsivity, and a = 0.961 for total score. d2-R parameters were found to be significantly related to the inattention and hyperactivity-impulsivity scores in ADHD-RS-IV. Significant negative correlations were found between PTO in the d2-R test and inattention (r = À0.347, P < 0.01), hyperactivity-impulsivity (r = À0.278, P < 0.01), and total (r = À0.337, P < 0.01) scores. Significant correlations were also found between E% and inattention (r = 0.270, P < 0.01), hyperactivity-impulsivity (r = 0.354, P < 0.01), and total (r = 0.33, P < 0.01) scores. Significant negative correlations were found between CP and inattention (r = À0.419, P < 0.01), hyperactivity-impulsivity (r = À0.381, P < 0.01), and total (r = l0.429, P < 0.01) scores. Significant correlation was found between EO and hyperactivity-impulsivity (r = 0.206, P < 0.05). Students who were rated by their teachers as less attentive and more hyperactive/impulsive in the classroom performed more slowly and committed more errors in the d2-R test. No significant correlation was found between EC parameters in the d2-R test and ADHD-RS-IV scores.
Comparison with German data
The d2-R test performance of Japanese participants was compared with the German standardized data for PTO, CP, and E% (Table 3) . 1 Japanese participants were aged from 12 to 13, and Brickenkamp et al. grouped their counterparts into 11-12 years. and 12-13 years. Therefore, we classified the present participants into two age categories: 12 years (n = 33) and 13 years (n = 88). Japanese adolescents outscored German counterparts in all of the measures.
Discussion
This study found a significant relationship between Japanese students' d2-R attention test and their ADHD-RS-IV scores as assigned by teachers. The students who were rated as less attentive and more hyperactive/impulsive performed more slowly and committed more errors on the d2-R test. The present results confirm the concurrent validity of the d2-R test and suggest that it is appropriate as an index to measure the sustained and focused attention (selective attention and concentricity) of Japanese adolescents. These results on d2-R test bolster up the results of the previous research. 14, 15 In one previous report on d2 test performance in 9-10-year-old children (n = 14) diagnosed with ADHD, they had poorer concentration, worked more slowly, and made more errors than their typically developing counterparts.
14 In another report, typically developing Dutch children's processing speed and impulsivity d2 scores correlated with their score on the attention problems subscale of the Child Behavior Checklist (CBCL), confirming the ecological validity © 2018 Japan Pediatric Society d2-R test for Japanese adolescents 45 of the d2 test. 15 The ADHD-RS-IV contains questions concerning children's inattentive behaviors (e.g. "Has difficulty sustaining attention in tasks or play activities", item 3; "Is easily distracted", item 15), and hyperactive and impulsive behaviors (e.g. "Leaves seat in classroom or in other situations in which a child is expected to remain seated", item 4; "Has difficulty awaiting turn", item 16). Presumably, then, these scores are reflected in the slow speed and error frequency evidenced by high-scoring ADHD-RS-IV children in d2-R test.
The present study found few significant relationships between ADHD-RS-IV score and EO or EC of the d2-R test, and significant correlations were found solely between EO and hyperactivity-impulsivity. The indexing procedure can explain this finding. EO and EC were calculated without considering the number of processed targets; therefore, the participants who performed slowly (i.e. processed fewer targets) consequently acquired fewer EO and EC. Accordingly, the parameters E% (total no. errors divided by total no. targets processed) and CP (no. crossed-out target objects minus the number of commission/omission errors) worked as a better index of participant usual behavior patterns of attention and hyperactivity/impulsiveness.
There were no sex differences in any of the d2-R parameters, consistent with the Brickenkamp et al. standardized d2-R test data. 1 In the ADHD-RS-IV, male students were rated much higher than female students in inattention, hyperactivity-impulsivity, and total scores. The present results in Japan duplicate that of the previous studies in other countries in which teachers, [16] [17] [18] [19] as well as parents gave ratings. 8 This indicates that inattention and high activity are more prevalent in boys than girls. This sex difference is assumed to derive from a biological background; for example, male babies are more active and daring than female babies. 20 Therefore, ADHD-RS-IV uses gender-based norms for which the cut-off points are set to be higher in boys.
In the present study, Japanese adolescents outscored the Brickenkamp et al. German standardized data. 1 This can be ADHD-RS-IV, attention deficit-hyperactivity disorder rating scale; CP, concentration performance; E%, percentage of errors; EC, errors of commission; EO, errors of omission; PTO, processed target objects. 
.925** *P < 0.05; **P < 0.01. ADHD-RS, attention deficit-hyperactivity disorder rating scale; CP, concentration performance; E%, percentage of errors; EC, errors of commission; EO, errors of omission; PTO, processed target objects. partially explained by the differences in inhibitory control between Asian and Western children as aforenoted. 10, 11 In contrast, our previous study compared Japanese university students(n = 253) and elderly people (n = 72) with French counterparts (n = 164, n = 86, respectively), and reported that Japanese students and elderlies were both better in PTO (i.e. processed more characters), while they made more errors of omission than French participants. 21 This implies that cultural contexts such as value systems shape the attitude toward the test: that is, Japanese people place value on speed, and French people on accuracy. Further consideration will be needed from the points of view of cultural psychology, behavioral genetics, or other fields.
In conclusion, the d2-R test is applicable to Japanese adolescents. Various performance tests to measure sustained attention and concentration exist in Japan (e.g. the Bourdon cancellation test and continuous performance test, CPT), but many have drawbacks that restrict their use in practice or research. For example, the Bourdon test (known as a cancellation test in Japan) contains unfamiliar characters, which participants take a longer time to learn. In this test, there is no guarantee that every new participant will learn the new characters at the same speed. Moreover, the Bourdon test is applicable only for adults. The CPT (as well as the K-CPT developed for children) is given on a computer. Consequently, it is not suitable for testing a large number of people or people with less computer experience. For example, Barkley found that the results of pencil-and-paper CPT formats rather than computer-administered versions had higher validity in assessing ADHD symptoms. 22 Conversely, the d2-R test can be given to many people simultaneously and is easy to understand because it contains only two familiar letters (i.e. "d" and "p"). In our previous study even elementary school children in Japan (who are supposedly not familiar with Roman alphabet characters) understood the instructions sufficiently well to take the test. 9 The relationship found between the d2-R test and ADHD-RS also suggests the possibility of clinical application of the d2-R test in Japan. ADHD and its peripheral symptoms should not be diagnosed by a single index. Instead, multiple approaches must be used, including via questionnaires or interviews with participants themselves (or with their teachers and parents) and making behavioral observations. The d2-R test could be an effective and economic measure for ADHD screening. Although ADHD is one of the most common behavioral disorders presenting in schools, screening for it and assessing its symptoms in a classroom is difficult for teachers. For example, it would be extremely time-consuming for homeroom teachers to answer a questionnaire about each of their students (generally, in Japan, there are 30-40 students in a class). The d2-R test, however, is a performance test conducted by the students themselves, and teachers can administer it in a class simultaneously; the test is suitable for screening a large number of people. Collecting quantitative data in clinical fields for further study will enable the d2-R test to spread in Japan as a simple and easy tool for early detection of and intervention for children with difficulties in attention and concentration at home and in classrooms.
Limitations
The present results should be considered in the context of some limitations. First, all participants providing d2-R data in this study came from the same junior high school in Japan. It is therefore important to be careful in generalizing results, which might be inapplicable to all other Japanese cohorts due to site selection bias or other factors. The school in which the study was conducted, however, was a public (municipal) school and in an upper-middle class area; therefore, the sample could be presumed to have an approximately normal distribution. Second, in this study, demographic information such as parental education or income was not collected, in order to reduce the burden of participation and keep participation rates high. According to previous studies, however, parental education and occupation are important factors governing a child's attention problems. 23 These warrant further investigation. Third, students' scholastic ability or motivation might have affected the results, but those parameters were not assessed in the present study, due to protection of personal information.
In conclusion, introducing the d2-R test to Japan (as an internationally comparable tool for visual attention and concentration) would be beneficial for both clinicians and researchers. The authors have stored the comprehensive d2-R data of various age groups in Japan, given the importance of comparative studies with European data, as well as of the standardization of the Japanese data. 9, 24 There are few crosscultural studies in attentional functions in non-Western countries, 25 notwithstanding the fact that their cultural values could affect their performance strategies. It is expected that comparative studies on attentional performance between European countries and Japan will be promoted in the future by introducing the d2-R as an index enabling international comparison.
